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Chapter

Celiac Disease Management
through Gluten-Free Diets
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Abstract

In recent times, there had been an increase in the consumption of food products
made from cereals other than wheat flour. This is partly due to the surge or rise in
wheat importation thereby led to a high foreign exchange spending for countries
with comparative disadvantage in the cultivation and production of wheat grain.
Aside from this, there had been a major concern on the health challenges emanating
as a result of the consumption of food made from wheat flour. This health challenge
is called celiac disease; an immune-mediated disease arising from the inability of
the consumer to ingest gluten-containing products. This book chapter intends to
write on the management of celiac disease using gluten-free diets.

Keywords: immune-mediated disorder, gluten-free diets, celiac disease: human
leukocyte antigen

1. Introduction

In the last decade, there had been a rapid change in the dietary lifestyle among the
world populace owing to increased globalization, urbanization and rapid economic
development [1]. The rapid changes had also resulted in a large number of people suf-
tering from poor health conditions due to the food they consume. Owing to this, there
had been an increase in people’s awareness about the role in which foods play in the
emergence of these diseases [2-4]. One of such diseases resulting from food consump-
tion is celiac disease (CD). Celiac disease, an autoimmune disorder, triggers when a
genetically pre-disposed person or individual is exposed to dietary gluten resulting
in the inflammation or damage of the lining of the small intestine. Celiac disease had
become a global health challenge in which its prevalence is approximately 1% of the
total world population with variation among regions, age, and sex [5]. However, there
had been an increase in the prevalence of celiac disease in the US; a reason which was
unclear but attributed to environmental component of celiac disease such as changes
in the pattern of feeding, quality of ingested gluten, the spectrum of gastrointestinal
infestation as well as the colonization of the gut microbiota. Symptoms associated with
individuals suffering from celiac disease include retardation of growth, malnutrition,
anemia, diarrhea as well as fatigue [6]. Currently, the only proven remedy for the
treatment of celiac disease is the strict elimination of gluten from diets.

Generally, gluten is the term used to describe the alcohol-soluble fraction of
storage protein in grain wheat which made up of most diet in western countries
[7]. The storage proteins include prolamins (glutenin and gliadins) found in
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wheat grain, secalin found in rye, hordeins found in barley and avenins found

in oats. These storage proteins had been found to contain glutamine and proline
residues which are resistant to digestion in the gastrointestinal tract and encourage
the deaminization by tissue trans-glutaminase [8]. These proteins when ingested by
a genetically susceptible person caused a toxic effect on the gastrointestinal mucosa.
The proteins activate the response by cellular immune leading to the injury of the
intestinal mucosa which ranges from villous atrophy to infiltration of the lympho-
cytes. Villous atrophy in human leukocyte antigen (HLA) pre-disposed patient
resulted in malabsorption of micro and macronutrients such as fat-soluble vitamins
(A, D, E, K), folate, B complex vitamin (Niacin, riboflavin and thiamine), calcium,
and iron. To revolve the menace, individuals suffering from a celiac disease needs to
strictly adhere to gluten-free diets.

Gluten-free (GF) diets/foods are defined by the U.S. Food and Drug
Administration as a food completely devoid of gluten or does not contain a gluten-
containing grain (wheat, barley, oat and rye), flours made from gluten-containing
grain in which the gluten had been removed or not removed (wheat flour or starch)
and finally, if any of the above-mentioned products contain at least 20 ppm of
gluten in food [9]. However, the Commission Regulation of European Union defines
a gluten-free diet as a foodstuff that contains a gluten level not exceeding 20 ppm
for people who are intolerance to gluten. It was further regulated that food not
exceeding 100 ppm in gluten content should be tagged as very low gluten. There
is a wide range of palatable and attractive gluten-free diets specifically manufac-
tured for individuals suffering from celiac disease and this include but not limited
to GFD baked products, beverage drinks, wines, beers, sourdough etc. [10, 11].
These products are cereal-based food and had gained wide visibility in North and
South America, Europe, North Africa and some part of Asia. Gluten-free products’
marketability is estimated to increase in value from US$ 4.18 billion in 2017 to US$
6.47 billion by 2023 in which gluten-free bread and cookie are estimated to be the
most consumed cereal-based GF-food globally [9]. During the production of food
products made from gluten, gluten present in the food products is responsible for
the elasticity, extensivity and texture resistant if the dough [2, 12]. However, to
improve the quality (texture and specific volume) of gluten-free diet/products,
hydrocolloids such as hydroxypropylmethylcellulose, xanthan gum, pectin, car-
boxymethylcellulose are commonly used to improve the baking quality, imparting
texture and appearance as well as stability in the gluten-free dough.

2. Nutritional properties of gluten-free diet

Though gluten-free products are ideal for consumption by patients living with
the celiac disease, it is however low in protein due to the utilization of flour and
starches with higher starch to protein content. When flours from pulses are blended
with gluten-free cereals, it results in a meal with the complementary amino acid
profiles and likewise provides high-quality proteins for bakery purposes. C-ertain
species of pseudocereals have been reported to have significant nutritional constitu-
ents such as micronutrients, polyphenols, proteins, and dietary fibers when com-
pared with flour produced from cereals [13]. Significant higher mineral content has
been reported in gluten-free foods produced from quinoa, millet, oat, amaranth,
and buckwheat when compared with those made from rice, maize, and potato
starch [13].

Some method which had been reported to improve nutritional values and
bioavailability of gluten-free bakery goods includes malting and sprouting as these
processes help in activating enzymes responsible for the starch, proteins, and lipids
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breakdown [14, 15]. It has been suggested that gluten-free bakery products should
be incorporated with pulses and pseudocereals rather than the use of starches and
gluten-free cereals only.

2.1 Sensory properties of gluten-free diet

A major challenge in the production of gluten-free bakery products is in achiev-
ing sensory attributes that are desirable and acceptable by consumers. Gluten-free
bakery products are known for their distinct color, texture, appearance, taste, and
aroma when compared to those made from wheat flour. Due to complex formulation,
gluten-free bakery products tend to appear darker. Regarding wheat products, glu-
ten-free bakery products have lower volumes and harder textures. The acceptability
of some gluten-free bakery products has been reported to improve in terms of texture
when some proteins were added. In a study by Matos et al. [16], gluten-free muffins
were more acceptable by consumers when soy protein isolate was incorporated. In a
related study, the acceptability of millet muffins improved in terms of texture when
chicken protein isolate and transglutaminase were combined [17]. Future research
should focus on how enzymes, proteins, hydrocolloids, and other ingredients can
improve the sensory acceptability of gluten-free bakery and pasta products.

2.2 Gluten-free products/diets used in managing celiac disease

A very good way of managing celiac disease in immune-mediated patients is
the total exclusion of gluten from their diet and diet substitution using gluten-free
products. The underlisted products are gluten-free products commonly used in the
treatment and management of celiac disease.

2.2.1 GF-dough/sourdough

GF-dough is a thick, malleable mixture of flour (usually cereal - wheat, barley,
and rye) and liquid (water) used in the production of bakery products void of
gluten. Total removal of gluten from these products enhance safety consumption
for celiac disease patients. However, this comes with several difficulties such as poor
dough rheological properties, reduced nutritional qualities, off flavor, poor mouth-
feel/taste, and more expensive GF-baked product compared with conventional
gluten baked products [18-20].

In research for remedy, food products have been developed from GF-dough
made from GF-flour (such as rice, sorghum, buckwheat, amaranth, quinoa, and
maize) [19, 21], dairy products [22], dietary fibers [3, 23], and starches [2-4].
Advantages of these alternatives are low glycemic index, antihypertensive, and
antihyperlipidemia [2-4].

Recently, researches have also focused on the production of food products
from sourdough rather than from gluten flour [24-26]. Sourdough is described as
a product of a biotechnological process that involves the mixture of flour (cereal)
and water, fermented by lactic acid bacteria thereby causing a pleasant sour-tasting
dough/product [27]. Sourdough is used to produce several varieties of baked prod-
ucts such as bread, biscuits (crackers) and cakes. Before production, sourdough
is characterized by increase dough leavening which promotes GF-end product
attractiveness, improved texture and palatability, increase mineral bioavailability,
slow down the rate of starch digestion (low glycemic index), antihypertensive
potential and extended shelf-life GF-products [19, 26, 28]. Sourdough applications
also include the production of novel bioactive compounds which can be used as
pre-bioactive starter cultures [28-30].
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2.2.2 GF-baked products

Understanding the functionality of gluten is very important in the baking
process of convectional product made from wheat. This gives an insight into the
most suitable ingredients that can be considered as gluten replacement. Gluten-free
bread has been produced from several types of gluten-free flour such as pseudocer-
eals (e.g., Buckwheat, quinoa, amaranth) [31, 32], cereals (e.g., sorghum, maize,
rice) [33, 34], and potato flour [35]. A gluten substitute in bread-making is hydro-
colloid. Some commonly reported hydrocolloids include; hydroxypropylmethylcel-
lulose [36]; xanthan gum [32], carboxymethylcellulose, and apple pectic [35]. The
application of buckwheat in the production of gluten-free bakery products such as
noodle, pasta, cookie, and bread has been reviewed by Giménez-Bastida et al. [37].
The sensory acceptability and present technological limitations of gluten-free pasta
and bread were reviewed by Padalino et al. [4]. Strategies for enhancing the qual-
ity of gluten-free noodles, pasta, and bread were likewise reviewed by Collar [38],
Elgetiet al. [39], and Naqash et al. [40]. Aside from the formulation of gluten-free
baked products from cereals and pseudocereals, there had also been a report of the
production of GF-baked products such as bread, pastries and cookies from starch
isolated from root and tuber crops, banana, cereals and legumes [2-4, 12, 41].

2.2.3 Gluten-free noodles

A diet which is free of gluten is the most effective therapy for ailment such as
celiac disease. Aside from its beneficial roles in patients with celiac disease, it also
has some perceived health benefits such as the regulation weight loss regulation and
prevention of gastrointestinal disease. The gluten-free industry was reported to
experience a growth of 136% between 2013 and 2015 [42]. Aside from the conven-
tional production of noodles from wheat, noodles are also produced from other
uncommon sources such as starches derived from corn, cassava, potatoes, mung
beans, and konjac. Grains of rice, oats, and buckwheat are other unconventional
sources.

Several grain varieties were also used in the production of gluten-free noodles
with good nutritional and health values. Gluten-free noodles are most suitable for
consumption by patients with intolerance to gluten as found in patients with celiac
disease. This type of noodles is mostly recommended for anyone who needs to avoid
the health challenges posed by the consumption of gluten foods.

Noodles made from rice grains are the second most common products after
cooked rice grains. Noodles are mostly produced from Indica rice variety and very
common in Asia countries like the Philippines, Sri Lanka, Vietnam, Thailand,
and Sri Lanka. Fu [43] classified rice noodles into instant, frozen, dried products
of shapes and thickness of differing types. With an amylose content of over 22%,
Indica rice is most suitable for noodles production. The starch properties determine
the structural characteristics of rice noodles as its constituent protein does not play
any role in the formation of a stable network structure [44].

Rice noodles are not prone to breaking apart when pan-fried. They also have an
elastic and flexible texture when pan-fried. Majority of consumers preferred rice
noodles which are boiled, pan-fried or soup with several ingredients as this noodle
products have a smooth taste when eaten and improved eating qualities. Aside from
its amylose which is viewed as a possible reason for its suitability in rice noodles
production, the exact mechanism is not understood fully.

Oat grain is a herb plant grown annually. The consumer market for this plant
is small. The two major types of oats are Avena nuda L. (naked oats) and Avena
sativa L. (Avena sativa). Avena nuda L. is the most commonly cultivated oat in the
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Gansu, Hebei, Jilin, and Inner Mongolia Provinces in China. Oats are highly nutri-
tious, high-energy and low-sugar food. Oats are usually referred to as healthy foods
because of their ability to regulate the metabolism of cholesterol, thereby impeding
the onset of certain ailment such as cardiovascular disease, aside its other health
benefits [45].

Buckwheat flour has protein content within the range of 7-13%, which is sig-
nificantly higher than the values present in wheat and rice flour. Buckwheat flour is
also rich in linoleic and oleic acid with a fat content of about 3%. Rutin, a bioactive
compound with hypertensive and hypolipidemic effects, is present in buckwheat
flour. Buckwheat noodles are majorly produced in northeast China, Korea, and Japan.
Buckwheat noodles processing can be either slit buckwheat noodles or extruded
buckwheat noodles. Just like in wheat noodles production, buckwheat noodles are
also produced manually or mechanically. In studies by Alamprese et al. [46], pasta
product was developed from a combination of eggs, rice flour, and buckwheat flour.
This study demonstrates the potential of buckwheat use for noodles production
without incorporating wheat flour which is gluten carrying constituent.

Cassava noodles, potato noodles, konjac noodles, corn noodles, mung bean
noodles etc. are some other types of noodles product which are gluten-free. These
noodles are rich in nutritional and functional values [47-51]. Figure 1 shows the
flowchart for noodle processing.

2.2.4 GF-beverage/functional drinks based on cereal

GF-beverage is another GF-product made from GF-cereals such as teff, millet,
tigernut, acha, fonio, sorghum among others, consume for prevention/manage-
ment of celiac disease. Some also play an additional role in the body beyond basic
nutritional needs and served as functional drinks. Teff is GF-grain suitable for
wheat/barley replacement in production of GF-beverage. Gebremariam et al. [52]
reported on Ethiopia local functional drinks made from teff. It was observed that
the GF-functional drink exhibits medicinal potential and is suitable for the manage-
ment of malaria, anemia and diabetes. Badejo et al. [53] developed a GF-beverage
from the combination of tigernut and acha varying the blending ratios at 25%.

It was observed that the developed beverages contain an appreciable number of
phenolic compounds such as gallic acid, rutin, quercetin, ellagic and caffeic acids
which may be responsible for higher free radical scavenging abilities reported
against DPPH* and ABTS*. Sharma et al. [54] developed prebiotic oligosaccharide
rich GF-functional drink from sorghum. They highlighted that the GF-functional
drink is suitable for celiac disease patient and contains high calories value, antioxi-
dant capacity, and no changes in sensory properties compared with wheat/barley
beverage. GF-beverage are relatively cheap and have extended shelf-life [55].

Sweet Potato Starch .
E— - > Steaming
Starch Gelatinization
Drying S m— Extruding <« Ageing

Figure 1.
Potato noodles processing flowchart.
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2.2.5 Gluten-free beer

Beer is an alcoholic carbonated, and fermented beverage produced from malted
cereal grain (such as wheat, barley, and rye). Consumption of beer is toxic to celiac
patients and could results into this autoimmune disorder due to the presence of
gliadin from wheat gluten, prolamines/hordeins from barley, and secalins from rye
[19, 56]. Scientific research has shown that the successful long-term management
of this autoimmune disorder is strict adherence to GF diets [57-59]. Hence, the
needs for GF-beer. European Commission guidelines described GF-beer as pseudo-
cereals/cereal malted beer devoid of gluten or beer technologically produced from
brewing malt to reduced its gluten content to less than 20 mg/kg [60, 61]. However,
controversy exists as US Food and Drug Administration (FDA) proclaim the latter
product has the potential to exhibits celiac symptoms in some patients than the
former [62, 63].

Pseudo-cereals malted beer produced from amaranth, buckwheat, and quinoa
free of gluten is therefore recommended for celiac patient [56, 57, 64]. These malted
beers contain adequate proteins and relatively high starch with sensory attributes
slightly lower compared to beer produced from wheat and barley in respect to their
taste, aroma, and mouthfeel when adequately mashed, fermented, and stabilized.
However, the cost of technology to achieve the aforementioned may inflate the price
of pseudo-cereal beer [56, 65].

Alternatively, GF-beer can also be produced from GF-cereal such as sorghum,
rice, and maize with several brewing conditions been altered such as mashing,
sparging, boiling, fermentation temperatures, and pH [66, 67]. This adjust-
ment relatively increases their disparities compared with wheat and barley beer.
Comparing GF-sorghum beer with barley beer, the former is rather too viscous,
slightly sweetish, and a little bit sour due to the formation of lactic acid [68]. Ceppi
and Brenna [69] observed that rice GF-beer were acceptable by consumers but had
lower enzymatic activity than barley. Zweytik and Berghofer [68] also reported that
GF-maize beer is light yellow with good foam stability, but was relatively poor in
taste compared with barley beer. However, they tend to have higher demands by the
consumers due to their cheap price [66].

3. Market feasibility of GF diets/foods

Owing to increase in patients suffering from celiac disease as well as gluten
intolerance, there had been a rise in consumer demand for gluten-free products
as aresult of the increase in the number of diagnosis as well as consumers who are
making a conscious choice or effort to exclude gluten from their diets. The demand
had made gluten-free products one of the fastest-growing market opportunity
within the consumer wellness and global health market. For a patient who requires a
gluten-free diet, the products must be the same in terms of texture and appearance
as conventional gluten-containing products. A market survey of gluten-free food
in the United State of America (USA) reveals that the market stood at $2.3 billion
in 2019 and it’s estimated to reach $4.5 billion by 2027 according to Gorgitano
and Sodano [70]. The United Kingdom (UK) gluten-free products, however, was
estimated to be £426 million in 2018 and it’s expected to grow by 40% by 2030. The
estimated increase in gluten-free products in the US and UK was due to the facts
that gluten-free products are alternative to conventional and traditional grain-
based food products such as bakery, pastries, pasta-products which can be made
alternatively from other cereals such as maize, sorghum, millet as well as rice [71].
Although the market of gluten-free products had surged higher than the products
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for other medically diagnosed gluten-related diseases, however, the demand is
lower in comparison with gluten-containing products. This had been attributed to
the perception of gluten-free products by the consumers as poor or lower quality
products with poor appearance, flavor, and texture [1]. However, due to the adher-
ence to gluten-free diets by patients suffering from celiac or gluten intolerance
disease, there had been an additional economic burden on the patients due to higher
cost price of the products when compared to conventional non-gluten-free products
found in the market. In addition to the high selling price of the gluten-free diets,
there had been a problem of its availability in the market [72]. A general survey on
the market price of gluten-free foods over gluten-containing food products revealed
that the price of gluten-free products was 242% more expensive than conventional
gluten-containing products. The price was, however, found to be 89% more
expensive than its regular products in Chile. The evaluation of the market price,
availability and the nutritional composition of gluten-free products by Bagolin

do Nascimento et al. [72] at the capital city of Brazil revealed the limitation in the
availability of the products in the market coupled with high selling price in com-
parison with conventional products. Concerning market size among the different
segment of gluten-free products, it was reported that gluten-free cookies had more
sales and brought in more money compared to gluten-free bread, a reason which
could be attributed to the convenience and the quality of the cookie [73]. Other
reason could be the importance of gluten in the functional properties of the bread
compared to cookie. Gluten gives desirable quality such as the loaf texture and
volume to the bread. To make gluten-free foods or products available and avoidable
to the patients, the price of the develop GF-foods needs to be considered.

4. Conclusion

An approximately 1% of the people living in the world today suffers from celiac
disease. However, there had been an uprise in the prevalence of the disease due to
the underestimation of the disease as it is often left undiagnosed. The only proven
remedy to the treatment and management of the disease is the exclusion of wheat
or gluten-containing products from their diet and through adherence to gluten-
free products/foods. One constrains being perceived by patient suffering from
celiac disease is the nutritional imbalance of the diets as a result of the exclusion of
gluten and other major gluten-related protein from their diets. Owing to this, it is
important that when developing gluten-free diets for patients suffering from celiac
disease, the GF-food should be of high nutritional composition, available, and
avoidable economically.



Celiac Disease

Author details

Babatunde Olawoye™, Oseni Kadiri’, Oladapo Fisoye Fagbohun’
and Timilehin David Oluwajuyitan®

1 Department of Food Science and Technology, First Technical University, Ibadan,
Oyo State, Nigeria

2 Department of Biochemistry, Edo University Ilyamho, Auchi, Edo State, Nigeria

3 Department of Biomedical Engineering, First Technical University, Ibadan,
Oyo State, Nigeria

4 Department of Food Science and Technology, Federal University of Technology
Akure, Nigeria

*Address all correspondence to: btolawoye @gmail.com

IntechOpen

© 2021 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium,

provided the original work is properly cited.



Celiac Disease Management through Gluten-Free Diets

DOI: http://dx.doi.org/10.5772/intechopen.95762
References

[1] Jnawali, P., Kumar, V., & Tanwar,

B. (2016). Celiac disease: Overview

and considerations for development

of gluten-free foods. Food Science

and Human Wellness, 5(4), 169-176.
https://doi.org/https://doi.org/10.1016/j.
fshw.2016.09.003

[2] Olawoye, B., Gbadamosi, S. O.,
Otemuyiwa, I. O., & Akanbi, C. T.
(2020a). Gluten-free cookies with low
glycemic index and glycemic load:
optimization of the process variables
via response surface methodology and
artificial neural network. Heliyon,
6(10), e05117. https://doi.org/https://
doi.org/10.1016/j.heliyon.2020.e05117

[3] Oluwajuyitan, T. D., Ijarotimi, O. S.,
& Fagbemi, T. N. (2020). Nutritional,
biochemical and organoleptic properties
of high protein-fibre functional foods
developed from plantain, defatted
soybean, rice-bran and oat-bran flour.
Nutrition & Food Science.

[4] Padalino, L., Conte, A., & Del
Nobile, M. A. (2016). Overview on the
general approaches to improve gluten-
free pasta and bread. Foods, 5(4), 87.

[5] DeGeorge, K. C., Frye, J. W, Stein,
K. M., Rollins, L. K., & McCarter, D.

F. (2017). Celiac Disease and Gluten
Sensitivity. Primary Care: Clinics in
Office Practice, 44(4), 693-707. https://
doi.org/10.1016/j.pop.2017.07.011

[6] Grace-Farfaglia, P. (2015). Bones

of contention: bone mineral density
recovery in celiac disease--a systematic
review. Nutrients, 7(5), 3347-3369.
https://doi.org/10.3390/nu7053347

[7] Schuppan, D., & Zimmer, K.-P.
(2013). The diagnosis and treatment

of celiac disease. Deutsches Arzteblatt
international, 710(49), 835-846. https://
doi.org/10.3238/arztebl.2013.0835

[8] Itzlinger, A., Branchi, F,, Ellj, L.,
& Schumann, M. (2018). Gluten-Free

Diet in Celiac Disease-Forever and
for All? Nutrients, 10(11). https://doi.
org/10.3390/nu10111796

[9] Xu, J., Zhang, Y., Wang, W., & Li,

Y. (2020). Advanced properties of
gluten-free cookies, cakes, and crackers:
A review. Trends in Food Science &
Technology, 103, 200-213. https://
doi.org/https://doi.org/10.1016/j.
tifs.2020.07.017

[10] Tebben, L., Shen, Y., & Li, Y.
(2018). Improvers and functional
ingredients in whole wheat bread:

A review of their effects on dough
properties and bread quality. Trends in
Food Science & Technology, 81, 10-24.
https://doi.org/https://doi.org/10.1016/j.
tifs.2018.08.015

[11] Xu, ]., Wang, W., & Li, Y. (2019).
Dough properties, bread quality, and
associated interactions with added
phenolic compounds: A review. Journal
of Functional Foods, 52, 629-639.
https://doi.org/https://doi.org/10.1016/j.
jf£.2018.11.052

[12] Olawoye, B., & Gbadamosi, S.

0. (2020). Sensory profiling and
mapping of gluten-free cookies made
from blends Cardaba banana flour and
starch. Journal of Food Processing and
Preservation, 44(9), e14643. https://doi.
org/10.1111/jfpp.14643

[13] Di Cairano, M., Galgano, F., Tolve,
R., Caruso, M. C., & Condelli, N.
(2018). Focus on gluten free biscuits:

Ingredients and issues. Trends in Food
Science & Technology, 81, 203-212.

[14] Eskin, M., & Shahidi, E. (2013).
Biochemistry of foods. The Quarterly
Review of Biology, 88 (2), 142.

[15] Miranda-Villa, P. P., Mufari, J.

R., Bergesse, A. E., & Calandri, E. L.
(2019). Effects of Whole and Malted
Quinoa Flour Addition on Gluten-Free



Celiac Disease

Mutffins Quality. Journal of food science,
84(1), 147-153.

[16] Matos, M. E., Sanz, T., & Rosell, C.
M. (2014). Establishing the function of
proteins on the rheological and quality

properties of rice based gluten free
mutffins. Food Hydrocolloids, 35, 150-158.

[17] Shaabani, S., Yarmand, M. S., Kiani,
H., & Emam-Djomeh, Z. (2018). The
effect of chickpea protein isolate in
combination with transglutaminase and
xanthan on the physical and rheological
characteristics of gluten free muffins
and batter based on millet flour. LWT,
90, 362-372.

[18] Arendt, E. K. (2002). O, brien, CM,
Schober, T ]., Gallagher, E. e Gormley
(pp- 21-27). TR.

[19] Arendt, E. K., Moroni, A., &
Zannini, E. (2011). Medical nutrition
therapy: use of sourdough lactic acid
bacteria as a cell factory for delivering
functional biomolecules and food
ingredients in gluten free bread. In
Microbial Cell Factories (Vol. 10, No. S1,
p- S15). BioMed Central.

[20] Arendst, E. K., Morrissey, A.,
Moore, M. M., & Dal Bello, F. (2008).
Application of dairy ingredients in
gluten-free food. Gluten-Free Cereal
Products and Beverages, 228-231.

[21] Cappelli, A., Oliva, N., & Cini, E.
(2020). A Systematic Review of Gluten-
Free Dough and Bread: Dough Rheology,
Bread Characteristics, and Improvement
Strategies. Applied Sciences, 10(18),
6559.

[22] Graga, C., Mota, J., Lima, A.,
Boavida Ferreira, R., Raymundo, A.,

& Sousa, I. (2020). Glycemic Response
and Bioactive Properties of Gluten-Free
Bread with Yoghurt or Curd-Cheese
Addition. Foods, 9(10), 1410.

[23] [jarotimi, O. S., Oluwajuyitan, T. D.,
& Ogunmola, G. T. (2019). Nutritional,

10

functional and sensory properties of
gluten-free composite flour produced
from plantain (Musa AAB), tigernut
tubers (Cyperus esculentus) and
defatted soybean cake (Glycine max).
Croatian journal of food science and
technology, 11(1), 1131-1251.

[24] Alibasié, H., Junuzovié, H.,
Selimovié, A., Selimovié, A., & Brcina,
T. (2020). Chemical Composition and
Sensory Properties of Gluten-Free
Crackers with Buckwheat Sourdough.
International Journal for Research in
Applied Sciences and Biotechnology,
7(4), 108-113.

[25] Alioglu, T., & Oziilkii, G. (2020).
Evaluation of whole wheat flour
sourdough as a promising ingredient in

short dough biscuits. Food Science and
Technology, (AHEAD).

[26] Diowksz, A., Malik, A., Jasniewska,
A., & Leszczynska, J. (2020). The
Inhibition of Amylase and ACE Enzyme
and the Reduction of Immunoreactivity
of Sourdough Bread. Foods, 9(5), 656.

[27] Chavan, R. S., & Chavan, S. R.
(2011). Sourdough technology—a
traditional way for wholesome foods: a

review. Comprehensive Reviews in Food
Science and Food Safety, 10(3), 169-182.

[28] Katina, K., Arendt, E., Liukkonen,
K. H., Autio, K., Flander, L., &
Poutanen, K. (2005). Potential of
sourdough for healthier cereal products.
Trends in Food Science & Technology,
16(1-3), 104-112.

[29] Maidana, S. D., Ficoseco, C. A.,

Bassi, D., Cocconcelli, P. S., Puglisi,

E., Savoy, G., ... & Fontana, C. (2020).
Biodiversity and technological-functional
potential of lactic acid bacteria isolated
from spontaneously fermented chia

sourdough. International journal of food
microbiology, 316, 108425.

[30] Olojede, A. O., Sanni, A. I., Banwo,
K., & Adesulu-Dahunsi, A. T. (2020).



Celiac Disease Management through Gluten-Free Diets

DOI: http://dx.doi.org/10.5772/intechopen.95762

Sensory and antioxidant properties
and in-vitro digestibility of gluten-free
sourdough made with selected starter
cultures. LWT, 109576.

[31] BureSova, 1., Tokar, M., Marecek, J.,
Htivna, L., Faméra, O., & Sottnikov4, V.
(2017). The comparison of the effect of
added amaranth, buckwheat, chickpea,
corn, millet and quinoa flour on rice
dough rheological characteristics,
textural and sensory quality of bread.
Journal of Cereal Science, 75, 158-164.

[32] Hager, A. S., & Arendt,

E. K. (2013). Influence of
hydroxypropylmethylcellulose
(HPMC), xanthan gum and their
combination on loaf specific volume,
crumb hardness and crumb grain
characteristics of gluten-free breads
based on rice, maize, teff and
buckwheat. Food Hydrocolloids, 32(1),
195-203.

[33] Monthe, O. C., Grosmaire, L.,
Nguimbou, R. M., Dahdouh, L., Ricci,
J., Tran, T., & Ndjouenkeu, R. (2019).
Rheological and textural properties of
gluten-free doughs and breads based
on fermented cassava, sweet potato
and sorghum mixed flours. LWT, 101,
575-582.

[34] Wu, T., Wang, L., Li, Y., Qian, H.,
Liu, L., Tong, L., ... & Zhou, S. (2019).
Effect of milling methods on the
properties of rice flour and gluten-free
rice bread. LWT, 108, 137-144.

[35] Liu, X., Mu, T., Sun, H., Zhang, M.,
Chen, J., & Fauconnier, M. L. (2018).
Influence of different hydrocolloids on
dough thermo-mechanical properties
and in vitro starch digestibility of
gluten-free steamed bread based on
potato flour. Food Chemistry, 239,
1064-1074.

[36] Mancebo, C. M., San Miguel, M. A,
Martinez, M. M., & Gémez, M. (2015).
Optimisation of rheological properties
of gluten-free doughs with HPMC,

11

psyllium and different levels of water.
Journal of cereal science, 61, 8-15.

[37] Giménez-Bastida, J. A., Piskula,
M., & Zielinski, H. (2015). Recent
advances in development of gluten-free

buckwheat products. Trends in Food
Science & Technology, 44(1), 58-65.

[38] Collar, C. (2019). Gluten-free
dough-based foods and technologies.
In]. R. N. Taylor, & K. G. Duodu
(Eds.), Sorghum and millets: Chemistry,
technology and nutritional attributes (pp.
331-354). Published by Elsevier Inc. in
cooperation with AACC International.

[39] Elgeti, D., Jekle, M., & Becker, T.
(2015). Strategies for the aeration of
gluten-free breads - a review. Trends in
Food Science & Technology, 46, 75-84.

[40] Naqash, F., Gani, A., Gani, A.,
& Massodi, F. A. (2017). Gluten-free
baking: Combating the challenges - a
review. Trends in Food Science &
Technology, 66, 98-107.

[41] Adiamo, O. Q., Fawale, O. S., &
Olawoye, B. (2018). Recent Trends in the
Formulation of Gluten-Free Sorghum
Products. Journal of Culinary Science &
Technology, 16(4), 311-325. https://doi.
org/10.1080/15428052.2017.1388896

[42] Gobbetti, M., Pontonio, E.,
Filannino, P., Rizzello, C. G., De
Angelis, M., & Di Cagno, R. (2018).
How to improve the gluten-free
diet: The state of the art from a food
science perspective. Food Research
International, 110, 22-32.

[43] Fu, B. X. (2008). Asian noodles:
History, classification, raw materials,
and processing. Food Research
International, 41(9), 888-902.

[44] Kim, Y., Kee, J. L., Lee, S., & Yoo, S.
H. (2014). Quality improvement of rice
noodle restructured with rice protein

isolate and transglutaminase. Food
Chemistry, 145, 409-416.



Celiac Disease

[45] Tong, L. T., Guo, L., Zhou, X.,
Qiu, J., Liu, L., Zhong, K., & Zhou,
S. (2016). Effects of dietary oat
proteins on cholesterol metabolism
of hypercholesterolaemic hamsters.

Journal of the Science of Food and
Agriculture, 96(4), 1396-1401.

[46] Alamprese, C., Casiraghi, E., &
Pagani, M. A. (2007). Development of
gluten-free fresh egg pasta analogues
containing buckwheat. European Food
Research and Technology, 225(2),
205-213.

[47] Akanbi, C. T., Kadiri, O., &
Gbadamosi, S. O. (2019). Kinetics of
starch digestion in native and modified
sweet potato starches from an orange
fleshed cultivar. International journal
of biological macromolecules, 134,

946-953.

[48] Gbadamosi, S. O., Kadiri, O.,

& Akanbi, C. T. (2020). Quality
Characteristics of Noodles Produced
from Soybean Protein Concentrate
and Sweet Potato Starch: A Principal
Component and Polynomial Cubic
Regression Model Approach. Journal of
Culinary Science & Technology, 1-21.

[49] Renaud, S., & Lanzmann-Petithory,
D. (2001). Coronary heart disease:
dietary links and pathogenesis. Public
health nutrition, 4(2b), 459-474.

[50] Yin, L., Zhong, G., & Liu, X.
(2002). Research progress on nutritional
characteristics, physiological function
and medicinal value of buckwheat.

Cereals & Oils, 33(5), 32-34.

[51] Zhuang, W., Chen, H., Yang, M.,
Wang, J., Pandey, M. K., Zhang, C.,

... & Garg, V. (2019). The genome of
cultivated peanut provides insight into
legume karyotypes, polyploid evolution
and crop domestication. Nature
genetics, 51(5), 865-876.

[52] Gebremariam, M. M., Zarnkow, M.,
& Becker, T. (2014). Teff (Eragrostis

12

tef) as a raw material for malting,
brewing and manufacturing of gluten-
free foods and beverages: a review.
Journal of Food Science and Technology,
51(11), 2881-2895.

[53] Badejo, A. A., Olawoyin, B.,
Salawu, S. O., Fasuhanmi, O. S.,
Boligon, A. A., & Enujiugha, V. N.
(2017). Antioxidative potentials and
chromatographic analysis of beverages
from blends of gluten-free acha
(Digitaria exilis) and tigernut (Cyperus
esculentus) extracts. Journal of Food

Measurement and Characterization,
11(4), 2094-2101.

[54] Sharma, M., Sangwan, R.

S., Khatkar, B. S., & Singh, S. P.
(2020). Development of a Prebiotic
Oligosaccharide Rich Functional
Beverage from Sweet Sorghum
Stalk Biomass. Waste and Biomass
Valorization, 1-12.

[55] Munekata, P. E. S., Rocchetti, G.,
Pateiro, M., Lucini, L., Dominguez,

R., & Lorenzo, J. M. (2020). Addition
of plant extracts to meat and meat
products to extend shelf-life and health-
promoting attributes: An overview.
Current Opinion in Food Science.

[56] De Meo, B., Freeman, G., Marconi,
0., Booer, C., Perretti, G., & Fantozzi,
P. (2011). Behaviour of malted cereals
and pseudo-cereals for gluten-free beer
production. Journal of the Institute of
Brewing, 117(4), 541-546.

[57] Gumienna, M., & Gérna, B. (2020).
Gluten hypersensitivities and their
impact on the production of gluten-free
beer. European Food Research and
Technology, 1-14.

[58] Nissen, L., Samaei, S. P., Babini,
E., & Gianotti, A. (2020). Gluten
free sourdough bread enriched with
cricket flour for protein fortification:
Antioxidant improvement and
Volatilome characterization. Food
Chemistry, 333, 127410.



Celiac Disease Management through Gluten-Free Diets

DOI: http://dx.doi.org/10.5772/intechopen.95762

[59] Weaver, K. N., & Herfarth, H.
(2020). Gluten-free Diet in IBD: Time
for a Recommendation? Molecular
nutrition & food research, 1901274.

[60] Podeszwa, T. (2013). The use of
pseudocereals for the production of
gluten-free beer. Eng. Sci. Technol,
92-102.

[61] Rubio-Flores, M., & Serna-Saldivar,
S. O. (2016). Technological and
engineering trends for production of

gluten-free beers. Food engineering
reviews, 8(4), 468-482.

[62] Food and Drug Administration
(2015). Federal Register Food labelling:
gluten-free labeling of fermented

or hydrolyzed foods. Accessed

on 11/18/2015 Docket No. FDA-
2014-N-1021. https://www.regulations.
gov Accessed 11/18/2015

[63] Kerpes, R., Fischer, S., & Becker,

T. (2017). The production of gluten-
free beer: Degradation of hordeins
during malting and brewing and

the application of modern process
technology focusing on endogenous
malt peptidases. Trends in Food Science
& Technology, 67, 129-138.

[64] Yeo, H. Q., & Liu, S. Q. (2014).
An overview of selected specialty
beers: Developments, challenges and

prospects. International journal of food
science & technology, 49(7), 1607-1618.

[65] Mayer, H., Ceccaroni, D., Marconi,
0., Sileoni, V., Perretti, G., & Fantozzi,
P. (2016). Development of an all rice
malt beer: A gluten free alternative.
LWT-Food Science and Technology, 67,
67-73.

[66] Hager, A. S., Taylor, J. P., Waters, D.
M., & Arendt, E. K. (2014). Gluten free

beer—A review. Trends in Food Science
& Technology, 36(1), 44-54.

[67] Sohrabvandi, S., Mortazavian, A.
M., & Rezaei, K. (2012). Health-related

13

aspects of beer: a review. International
Journal of Food Properties, 15(2),
350-373.

[68] Zweytik, G., & Berghofer, E.
(2009). Production of gluten-free beer.
In E. Gallagher (Ed.), Gluten-free food
science and technology. Oxford, UK:
Wiley-Blackwell.

[69] Ceppi, E. L. M., & Brenna, O. V.
(2010). Brewing with rice malt—A
gluten-free alternative. Journal of the
Institute of Brewing, 116(3), 275-279.

[70] Gorgitano, M. T., & Sodano, V.
(2019). Gluten-Free Products: From
Dietary Necessity to Premium Price
Extraction Tool. Nutrients, 11(9), 1997.

[71] Bogue, J., & Sorenson, D. (2008).

17 - The marketing of gluten-free cereal
products. In E. K. Arendt & F. Dal Bello
(Eds.), Gluten-Free Cereal Products and
Beverages (pp. 393-411). Academic Press.
https://doi.org/https://doi.org/10.1016/
B978-012373739-7.50019-8

[72] Bagolin do Nascimento, A.,
Medeiros Rataichesck Fiates, G., dos
Anjos, A., & Teixeira, E. (2014).
Availability, cost and nutritional
composition of gluten-free products.
British Food Journal, 116(12),
1842-1852. https://doi.org/10.1108/
BFJ-05-2013-0131

[73] Lambert, K., & Ficken, C. (2016).
Cost and affordability of a nutritionally
balanced gluten-free diet: Is following
a gluten-free diet affordable? [https://
doi.org/10.1111/1747-0080.12171].
Nutrition & Dietetics, 73(1),

36-42. https://doi.org/https://doi.
org/10.1111/1747-0080.12171



